Objective There is a common belief that sex of the fetus is predictable by assessing fetal heart rate (FHR) in the early weeks of pregnancy. We aimed to assess the relationship between FHR in the first trimester screening with fetus sex. Methods This mixed prospective-retrospective cohort study is done on 374 fetus samples of pregnant women who referred to evaluate nuchal translucency (NT) in a hospital in Tehran, Iran between October 2013 and March 2015. Adjusted multivariable linear regression model, receiver operating characteristic (ROC) curve and Youden index were used in analysis. Results There were 52.9% male among fetuses. The median and interquartile range (IQR) of FHR in male and female fetus were 155.5 (152-160) and 155 (150-160) beats per minute (bpm), respectively (P = 0.213). The crude regression results showed that the average FHR of the male fetuses was 1.27 bpm higher than females but it was not statistically significant (P = 0.131). The adjusted regression results showed that fetus sex was not significantly associated with FHR in terms of similar age and mother's gravid and parity. Area under the ROC curve was 0.54 (95% confidence interval: 0.48, 0.59) which shows very low FHR power to determine sex of the fetus in the first trimester of pregnancy. The best cut off point was equal to 152 pulse bpm, sensitivity and specificity were 82.81 and 30.11, respectively. Conclusion The results showed that FHR is not a good factor to determine sex of the fetus.
Introduction
Increasing gestational age, pre-pregnancy weight gain, inactivity and major changes in maternal nutrition are among important factors in increasing high-risk pregnancies in recent decades. Hypertension disorders, obesity and gestational diabetes are among important risk factors that affect health of the fetus and newborn in addition to maternal health threatening. 1 Studies in recent decades have shown that the fetus sex during pregnancy is associated with pregnancy and childbirth complications. 2 A male fetus is exposed with higher complication of catching disease and mortality during pregnancy and infant period. 3 In many studies, male gender is known as an independent risk factor associated with pregnancy and childbirth complications. 4, 5 The male fetus is associated with a higher risk of developing gestational diabetes, preeclampsia during pregnancy, congenital anomalies and X-dependent genetic diseases. 4, 6, 7 On the other hand, male sex is accompanied with a higher risk of preterm delivery, prolapsed umbilical cord and placenta previa. 5 Also the likelihood of cesarean delivery and use of assistive devices for delivery of a male is more than female fetuses. The prevalence of being underweight during birth also has been reported more in male than female infants. 4, 8 Hence, it seems that awareness about sex of the fetus in the early weeks of pregnancy and following diagnostic, treatment and appropriate supportive interventions are effective in improving health of the fetus and newborn. On the other hand, recognizing sex of the fetus in the first trimester of pregnancy, can resolve parents prompt request to know their child's gender and subsequently prepares them a perfect opportunity to provide cloths and other needs.
Various methods are used to detect fetus sex during pregnancies, which are mainly based on ultrasound techniques. Using ultrasound method to determine sex of the fetus in the second and third trimester is highly efficient. However, the diagnostic power of this tool in the first trimester of pregnancy is weak and unreliable. 9 There is a common belief among pregnant women and some doctors that sex of the fetus in the early weeks of pregnancy is predictable by assessing fetal heart rate (FHR). Based on this view, the girls FHR is more than boys. 10 However, in previous studies very contradictory results have been reported regarding the predictive power of this method. 11, 12 Till now, few citable studies have been performed around the world and Iran about the predictor role of FHR in determining fetus gender in early pregnancy. [12] [13] [14] Different factors are important to measure FHR that have not been mentioned in most previous studies including how to measure FHR, FHR changes, gestational age, maternal age and mother's gravid and parity. [15] [16] [17] Due to the above-mentioned evidence, it seems that early detection of fetus sex in the first trimester of pregnancy can effectively reduce morbidity and mortality in fetus and newborn by providing supportive measures by doctors and parents. Hence, with applying same conditions to measure FHR and considering possible confounding factors listed above, we tried to evaluate the association between FHR in the first trimester of pregnancy screening with the baby's gender.
Materials and Methods
This is a mixed prospective-retrospective cohort study. This study is done with the approval of Shahid Beheshti University of Medical Science's Research Council on sample of the fetuses of pregnant women who referred to Mahdieh hospital, which is a third level referral hospital, to evaluate nuchal translucency in Tehran Province, Iran in between October 2013 and March 2015.
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The sample size was estimated 374 fetuses considering type one error (α) equal to 0.01, mean and standard deviation of FHR 167.3 ± 10.1 in boys and 167 ± 9.1 in girls, 14 and by using the formula of comparing the mean of two independent community. But with considering the loss of 20% of our cases during follow-up, 451 cases were considered. After receiving informed written consent from parents, singleton pregnant mother's FHR who had pregnancy ultrasound between 11 and 14 weeks and 2 days of pregnancy with crown-rump length (CRL) length of 45-84 mm, was measured by M-mode ultrasound (GE E6) and recorded in the first seconds of the exam when the fetus was in rest.
Other fetuses with structural abnormalities, the uncertainty of the exact date of pregnancy, abortion, bleeding, multiple pregnancy, congenital diseases, invalid last menstrual period (LMP), decreased amniotic fluid and uncertain sex of the fetus (with any reason in next referrals) were excluded from the study. Ultrasound results were measured by different people and then to reduce bias between observers, all ultrasound results were reviewed by researchers. Fetus sex was determined through a phone call or in person after the birth. Other required information including week of pregnancy, maternal age, mother's gravid and parity, abortion, bleeding during pregnancy, decreased amniotic fluid, the exact date of pregnancy (valid LMP) and congenital anomalies detected in fetus ultrasound screening were fully extracted from available records using checklist.
To describe the data, descriptive statistics [frequency, median, and interquartile range (IQR)] were used. To investigate the relationship between qualitative and quantitative variables, chi-square, Mann-Whitney and the median test were used. To investigate the role of predictor variables in determining FHR, we used crude and adjusted multivariable linear regression model. Also to eliminate confounding factor's effect, the Backward Stepwise Model was used. In the Backward Stepwise Model by Hosmer and Lemshow method, only variables with P-value <0.2 were included in final model. For estimating FHR accuracy in predicting fetus sex in the first trimester of pregnancy, the receiver operating characteristic (ROC) curve was drawn. The Youden index was used for detecting the optimal cut off point. Data analysis was done using STATA 11.2 software (STATA Corp. LP) and a confidence interval level of 99%.
Results
In this study, 451 patients were studied in which 60 cases were excluded for various reasons including abortion, bleeding, multiple pregnancy, congenital diseases and other associated conditions with exclusion criteria. Also, 17 cases were excluded because of uncertainty about the newborn's gender despite our telephone follow-up. The average FHR of 17 eliminated fetuses was not significantly different from those remained in the study (P = 0.316). Finally, a total number of 374 fetuses between 11 and 14 weeks and 2 days of pregnancy were enrolled in the study according to the study criteria.
From the total number of 374 samples, 198 cases (52.9%) were male. The most male and female fetuses were at 12th and 13th week of pregnancy, respectively. The median (IQR) of FHR in male and female fetuses were 155.5 (152-160) and 155 (150-160) beats per minute (bpm), respectively. The average of mother's ages in both male and female sexes was about 24 years with a range of 15-37 years. More than 70% of mothers of both boys (74.75%) and girls (72.73%) had one or two previous pregnancy history. Chi-square test showed that variable levels including Research Fetus heart rate and sex weeks of pregnancy, gravid, parity and maternal age had no significant difference between both sexes (Table 1) . Overall, the median FHR showed no significant difference between both sexes (P = 0.579). The median test showed that the median of both sex's FHR due to different levels of age, mother's parity and gravidity and weeks of pregnancy had no significant difference.
To predict changes in FHR average, the effect of each variable including sex of the fetus, week of pregnancy, gravid, parity and maternal age were examined using crude linear regression. The result of our analysis showed that the average FHR of male fetuses was 1.27 times per minute higher compared to female fetuses but it was not statistically significant (P = 0.131, β = 1.27). Age, mother's gravid and parity did not show a significant relationship with FHR. Also, the adjusted regression results showed that none of the mother's gravid levels had significant relationship with FHR (gravid 2 and 3 compared to gravid 1 had β = −0.97 and 0.19, respectively) ( Table 2 ). Mean FHR of 13th and 14th week of pregnancy was significantly 3.8 and 7.9 beats which was lower than 11th week, respectively, after adjustment for gravidity (P = 0.01 and 0.001, respectively) ( Table 2) .
Predicting fetus sex in the first trimester of pregnancy by FHR was drawn by ROC curve (Fig. 1) . For drawing ROC curve, two vertical and horizontal axes were defined as sensitivity and specificity. Considering Youden index, the best cut off point was equal to 152 pulse bpm (sensitivity of 82.81 and specificity of 30.11). In ROC curve, the AUC is between 0 and 1 and whatever the number is closer to one (slope of the curve is upward and to the left), it indicates the higher strength of the FHR in predicting the baby's gender. Area under the ROC curve was estimated 0.54 with a confidence interval of 0.48, 0.59 which shows very low FHR power to determine sex of the fetus in the first trimester of pregnancy. It covers 50% and shows that the probability of choosing FHR for predicting fetal sex is "50-50" and is not different with chance.
Discussion
This study investigated the relationship between FHR in the first trimester and fetus sex.We controlled the possible confounding role of FHR changes during different periods of pregnancy in the design phase of this study. To do so, only The predicted fetus sex, according to fetal heart rate in the first trimester of pregnancy by using receiver operating characteristic curve.
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embryos who had minimum amount of FHR fluctuations were studied. In other words, only fetuses between 11 and 14 weeks and 2 days of pregnancy were enrolled in the study. 18 On the other hand, to eliminate confounding factor effects, such as maternal bleeding, multiple pregnancy, fetal abnormalities and other things, a total of 77 cases were excluded according to exclusion criteria.
To unify data collection tool, the FHR was measured by ultrasound device in a state of immobility and to reduce bias between the observers, ultrasound results were read and checked by the researcher. Also to adjust the gravid, parity and maternal age roles, the adjusted linear regression was used in analyzing data.
Our findings showed that despite moderating many possible factors influencing FHR (mother's parity, gravid and age), any significant correlation was not seen between heart rate in the first trimester of pregnancy with fetal sex. In a study in 1964 on 95 fetuses with weekly measuring of the FHR during the final 2 months of pregnancy, the average of girls and boys FHR was 141.7 and 140.0 bpm, respectively. This result is consistent with ours and shows no relationship between FHR with fetal sex. Moreover, this study showed that FHR pattern is different for boys and girls. So that often boy's heart rhythm is based on linear pattern and girls one is more based on complex pattern. So it is possible to determine the sex of the fetus by FHR pattern help. However, it should be noted that this study is associated with FHR in the third trimester of pregnancy and its comparability to the first trimester is less. Other limitations of this study include small sample size. 19 In other study, FHR of 220 pregnant women at 14-41 weeks of pregnancy was recorded. No significant correlation between FHR and the baby's gender was observed at any stage of pregnancy.11 This study was done in a big range of pregnancy with high FHR fluctuation and people during the first, second and third trimesters of pregnancy were entered into the study. In fact, fluctuations of the FHR were not controlled in this study.
Another study on 477 pregnant women with fetuses under 14 weeks, which sonography was done on them to check factors such as bleeding in the first trimester and uncertainty of the exact date of pregnancy were entered into the study. The sonography samples were repeated at 18-24 weeks by the same team and fetal sex was determined, 51% were boys. Like our study, average maternal age, gravity, parity and gestational age did not have significant difference between boys and girls. Boys and girls FHR mean was 154.9 ± 22.8 and 151.7 ± 22.7 bpm, respectively, without significant difference (P = 0.13). Among important points in generalization a study, is to select sample in a way that can be the representative of the studied population. McKenna enrolled the people into the study who mainly did sonography due to disease or complication of pregnancy. So it seems that these people are not the representative of healthy mothers and fetuses. While in our study, only mothers who referred for routine screening ultrasound were examined and pregnancies with complications were excluded. 12 Also these patients entered the study under 14th week of pregnancy and it is possible that FHR be slower in 6-7 weeks of pregnancy compared with 8-14 weeks.20 Our study was conducted at 11th and 14th week of pregnancy. During this period, the minimum FHR fluctuations occur in pregnancy. 20 One study on 655 fetuses (female: 50.7%) in 8-13 weeks of pregnancy showed that the boys and girls FHR mean in the first trimester of pregnancy was 167 ± 9.1 and 167.3 ± 10.1 bpm (P = 0.62).
14 In other similar studies, it was shown that contrary to public perception about faster FHR in girls, there was no difference between boys and girls in this point. 12, [21] [22] [23] Up to now, the studies done about the relationship between FHR and fetal sex often had very low sample size. 19, 24, 25 On the other hand, most of the studies are done in a big range of pregnancy and are often performed in the second and third trimester of pregnancy. 11, 22, 24, 26 Therefore, fluctuations that occur in FHR in different phases of pregnancy, are not considered in many of the studies. Also, lot of different tools are used to auscultate FHR in previous studies and because the accuracy of diagnostic tools and their power is not evaluated in these studies; thus, the comparison chance between studies is less.
14 However, this study was done with appropriate sample size and high statistical power and with a short distance from pregnancy in 11-14 weeks and 2 days that in this period FHR has lower fluctuation. 12 Also, an ultrasound device with high diagnostic power is used. On the other hand, the role of important effective variables, such as maternal age, mother's gravid and parity were adjusted in this study so it seems that the results of this study can be reliable. We were faced with some limitations in this study. Some families refused to cooperate with the researcher to determine sex of the baby in the follow-up period. Also, a limited number of patients' data were collected through telephone calls that may cause recall bias. Despite all these limitations, studying FHR in a period with more uniform situation, adjusting for possible confounding factors are among our strengths. Moreover, although sonographies were done by different people, but all sonographies results were reviewed by the researchers. So the observer bias reduced to its minimum level.
Median of FHR was not different between various weeks of pregnancy. However mean FHR, adjusted for gravidity, had a decreasing trend with increase in gestational week which was not different with 12th and 11th week, but significantly different between 13th or 14th week and 11th week. However, this difference (4 or 8 bpm) was neither big nor clinically significant nor measurable by Doppler sonography. So, despite the common believe that FHR has minimum fluctuations during 11th to 14th gestational week, 20 our study showed that there are some small changes during these weeks after controlling the confounder effect of gravidity.
Conclusion
The results of this study showed that FHR is not a good predictive factor to determine sex of the fetus. Due to the importance of health point of early fetal sex diagnosis in identifying disorders related to gender especially at the same time with the first trimester screening, it is recommended to pay more attention to that in next studies. And further investigation of this hypothesis should be done with taking into account other unknown variables that may be effective in relation to gender and FHR.
